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DENTAL COMPOSITION BASED ON A
COLLOIDAL SILICA SOLUTION IN A
CONTINUOUS SILICON PHASE

The field of the invention is that of dental compositions. >
More specifically, the dental compositions developed in the
context of the present invention can be used for the prepara-
tion of dental prostheses and for dental restoration.

To date, resins based on photopolymerizable acrylates can
be used to prepare dental compositions for the preparation of
dental prostheses or of dental restoration materials. However,
these ready-to-formulate products exhibit, on use, problems
of 1rritation and potential problems of toxicity.

In addition, these products exhibit the major disadvantage
of resulting 1n a significant shrinkage 1n volume when they are
polymerized, which makes 1t complex and difficult to use
them 1n the preparation of dental prostheses or of dental
restoration materials. In particular, problems of bonding due
to the shrinkage 1n volume or to the lack of adhesion of the
polymers used are observed.

To overcome these disadvantages, the Applicant Company
has already provided dental silicone compositions with
improved qualities, 1n particular as regards the very marked
reduction in the phenomenon of shrinkage of the dental com-
positions used for the preparation of dental prostheses or of
dental restoration materials. On this subject, Application WO
00/19997 provides dental compositions based on:

a crosslinkable or polymerizable silicone oligomer or poly-

mer comprising:
at least one unit of formula:

10
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30

/—Si1 ‘{ RD aO(S—a)fE

in which:

a=0, 1 or 2, 35

R®, which are identical or different, represent an alky],
cycloalkyl, aryl, vinyl, hydrogen or alkoxy radical,
preferably a lower C,-C; alkyl,

/., which are 1dentical or different, 1s an organic substitu-
ent comprising at least one epoxy and/or alkenyl ether 40
and/or oxetane and/or dioxolane and/or carbonate
reactive functional group and preferably Z being an
organic substituent comprising at least one epoxy
and/or dioxolane reactive functional group,

and at least two silicon atoms, 45

an effective amount of at least one 1nitiator of borate type,

at least one aromatic hydrocarbonaceous photosensitizer

comprising one or more substituted or unsubstituted

aromatic rings having a residual absorption of the light

between 200 and 500 nm, 50

and at least one dental filler present 1n a proportion of at
least 10% by weight with respect to the total weight of
the composition.

However, no indication 1s given in this prior art for the
development of dental compositions based on colloidal silica 55
and on crosslinkable and/or polymerizable silicone for pre-
paring dental materials with a reinforced hardness, 1n particu-
lar with respect to salivary abrasion. In addition, these dental
compositions have to exhibit a low opacity 1n order to facili-
tate a polymerization/crosslinking thereof. 60

The main object of the present invention is thus to provide
novel dental compositions exhibiting, after crosslinking/po-
lymerization, (1) a hardness of at least 30 HV (Vicker’s hard-
ness) for aload of 500 grams, preferably of at least40 HV, and
(1) a degree of opacity which makes possible homogeneous 65
and simultaneous crosslinking and/or polymerization of said
composition over a thickness of at least 3 mm 1n less than one

2

minute under UV radiation of visible wavelengths (200 to 500
nm, preferably greater than 400 nm).

Other essential objects of the invention consist in providing

a silicone dental composition which offers a technical solu-
tion advantageous with regard to the cost, ease of use (in
particular packaging, for example in the “monocomponent”™
form) and high stability on storage. Furthermore, these com-
positions are nontoxic and virtually nonmirritating.

The polymerizable and/or crosslinkable dental composi-

tion according to the mvention comprises:

a concentrated silica solution (1) composed of 15 to 80% of
colloidal particles of amorphous silica 1n at least one
continuous silicone phase composed of crosslinkable
and/or polymerizable silicone oligomer and/or polymer
which 1s liquid at ambient temperature or heat-fusible at
a temperature below 100° C., the silicone oligomer and/
or polymer comprising:
at least one unit of formula (FS):

7—Si (RG).{IO(E—&);’E

in which:

a=0, 1 or 2,

R®, which are identical or different, represent an alkyl,
cycloalkyl, aryl, vinyl, hydrogen, hydroxyl or alkoxy
radical, preferably a lower C,-C alkyl,

/., which are 1dentical or different, 1s an organic substitu-
ent comprising at least one epoxy and/or alkenyl ether
and/or oxetane and/or dioxolane and/or carbonate
reactive functional group,

and at least two silicon atoms,

at least one aromatic hydrocarbonaceous photosensitizer

(2) comprising one or more substituted or unsubstituted

aromatic rings having a residual absorption of the light

between 200 and 500 nm,
and at least one photoinitiator (3), the cationic entity of
which of the mitiator 1s selected from the ontum salts of

formula (I):

[(RY),-A-(R?),,]* (D

in which formula,

A represents an element from Groups 15to 17 [Chem. &

Eng. News, Vol. 63, No. 5,26, 014 Feb. 1985], such as,
for example: 1, S, Se, P or N,

R' represents a C.-C,,, carbocyclic or heterocyclic aryl
radical, 1t being possible for said heterocyclic radical
to comprise, as heteroelements, nitrogen or sulfur,

R” represents R' or a linear or branched C,-C,,, alkyl or
alkenyl radical; said R' and R* radicals optionally
being substituted by a C,-C, alkoxy, C,-C,. alkyl,
nitro, chloro, bromo, cyano, carboxyl, ester or mer-
capto group,

n 1s an integer ranging from 1 to v+1, v being the valency
of the element A,

m 1s an 1nteger ranging from O to v—1 with n+m=v+1.

The polymerizable and/or crosslinkable dental composi-

tion according to the mvention comprises:

(1), a concentrated silica solution composed of 15 to 80%
of colloidal particles of amorphous silica with a mean
diameter between 107° and 107 in at least one continu-
ous silicone phase composed of crosslinkable and/or
polymerizable silicone oligomer and/or polymer which
1s liquid at ambient temperature or heat-fusible at a
temperature below 100° C., the silicone oligomer and/or
polymer comprising:
at least one unit of formula (FS):

/—Si {: RD%_HO(S—H)IE
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in which: least one epoxy and/or dioxolane reactive functional group
a0,1 or?2, and preferably at least one epoxy reactive functional group.
R®, which are identical or different, represent an alkyl, According to two advantageous alternatives of the present
cycloalkyl, aryl, vinyl, hydrogen, hydroxyl or alkoxy invention, the silicone oligomer or polymer (1) with at least
radical, preferably a lower C,-C, alkyl, 5 one epoxy and/or dioxolane reactive tunctional group 71 and
7, which are identical or different, is an organic substitu- ~ preferably at least one epoxy reactive functional group can:
ent comprising at least one epoxy and/or alkenyl ether (1) ?lthef comprise only this/these type(s) ot reactive tunc-
and/or oxetane and/or dioxolane and/or carbonate 3 tional gr 01_113(3) /1, | |
reactive functional group, (1) or comprise other reactive functional groups Z, such as
and at least two silicon atoms, 10 the alkenyl ether, oxetane and/or carbonate reactive
(2) at least one aromatic hydrocarbonaceous photosensi- functional groups Z2. o .
tizer comprising one or more substituted or unsubsti- In the case of the first alternative (1), the dental composition
tuted aromatic rings having a residual absorption of the can als.o.compnse Oth‘f-':l’ 5111‘3011_‘3 oligomers and/or polymers
light between 200 and 500 nm, comprising other reactive functional groups Z2, such as alk-
(3) and an effective amount of at least one cationic nitiator 15 eny.l ether, oxetane and/ or carbonate functional groups, and
chosen from those for which the cationic entity is optionally reactive functional groups Z1.
selected from the onium salts of formula (1): As examples of reactive functional groups Z, the latter can
be chosen 1n particular from the following radicals:
[(RY),-A-(R%),,]* (D
in which formula: 20

A represents an element from Groups 15 to 17 such as
for example: 1, S, Se, P or N,
R' represents a C.-C,, carbocyclic or heterocyclic aryl

radical, 1t being possible for said heterocyclic radical /\L
to comprise, as heteroelements, nitrogen or sulfur, 25 O; O;
R“ represents R* or a linear or branched C,-C,,, alkyl or

alkenyl radical; said R' and R” radicals optionally
being substituted by a C,-C, . alkoxy, C,-C, alkyl, ‘

nitro, chloro, bromo, cyano, carboxyl, ester or mer-
—CH,—CH CH,
capto group, 30
O

n 1s an integer ranging from 1 to v+1, v being the valency
of the element A,

m 1s an 1nteger ranging from 0 to v—1 with n+m=v+1. N _
O/\\o —

In general, the dental composition can be polymerized
and/or crosslinked under activation (1) photochemically and/ 35

or (1) photochemically and thermally.
Photochemical activation 1s carried out under UV radia- H3C 0/\/ H;C O;
tion. More particularly, use 1s made of UV radiation with a
O

wavelength of the order of 200 to 500 nm for the preparation O

of dental prostheses and UV-visible radiation with a wave- 4"
length of greater than 400 nm for the preparation of restora- 0
tion materials. A wavelength of greater than 400 nm makes PN —— (CH, 3—O—CH=—CH,;
possible crosslinking and/or polymerization 1n an oral envi- O 5
ronment. 45

The novel dental composition based on amorphous silica
dispersed in a silicone polymer or oligomer (1) exhibits the — (CHy)3—O0—CH=CH—R"
advantage of being transparent to UV-visible light and thus
the use thereof makes 1t possible to obtain very thick materials
which can be photocrosslinked 1n a very short time. 50

The Z reactive functional groups of the silicone polymer or with R" representing a linear or branched C,-C alkyl radi-
oligomer (1) can be highly vaned. However, particularly cal.
advantageous dental compositions are obtained when the sili- According to a second advantageous alternative form of
cone oligomer or polymer (1) comprises at least one (FS) unit the present invention, the silicone polymer or oligomer is
in which Z represents an organic substituent Z1 comprising at composed of at least one silicone of following mean formula:

a) (b)
Me Me Me Me
Me Me\/ Me Me Me\/ Me
\ / \/
/\/81\0/ Si )\/SIKO/ Sl\)\

O O O O
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Me Me Me Me
N/ \/
Ol /\/81\0/81\/\
\/ O
M Me
Q‘S{
/ \0
Me
Me——-Si O
Me \ /
\ U \
#,.Sl
Me \
Me
[ Me 1 [ P\‘/Ie 1
Si—O Ti O
) . Me 1,
— - )
(o+p) <10
0>1
O
CCcH, | el
(CH3)351—0O Si—O Si—O S1(CHz)3
CHj;
- -
— -5
Q
O
a+b<1000.
O
CHj; - CHj CH;
OW
Si—0O Si—0O S1
CH3 CH3 CHS
a < 1000.
O _ _ O
RO (Ing RO
O—Si O ?i—O——Si—O
Ro CH; Rg

a < 1000.

CH3 — 51 _CH3

O

CH;—Si—CHj

__CH,CH, CH,
0

N CH,CH—CH,

\/
0

-continued
c)
Ro ‘Me Me R,
\ \ / /
S1 S1 S1
7 o T Yo N
0 R, Ro
(n < 1000)
(R)Y ‘Me Me
\, \S./ /R“
1 1
/ So-T \O_H
O R)°
(n < 1000)
g)
O
/ \
_CH,CH—CH,
‘<
CH,CH, CH,

d)

h)

1)

k)
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\_/—< >ﬂ/\/;/ N NP

Me Me Me
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Various procedures can be employed to prepare the solu-
tion of amorphous silica 1n a continuous silicone phase; 1n the
context of the invention, solutions of silica of dispersion type
will preferably be employed.

To this end, the silica used can have various sources: pre-

cipitated silica, fumed silica, silica aerogels, silica sol and/or
natural silica.

According to a preferred form of the mnvention, the amor-
phous silica predominantly or entirely present in the silicone
phase results from silica sols and more particularly from
s1lica organosols; a general description of silica sols 1s given
in the document U.S. Pat. No. 2,801,185 and “The Colloid
Chemistry of Silica and Silicates” (Ralph K. Iler, Cornell
University Press, 1935, see 1n particular pages 120-121). In
this case, the process for the preparation of the dispersion of
silica in the continuous silicone phase 1s generally (1) to mix
the silica organosol with the silicone (1), the organosol being,
selected such that 1ts solvent 1s compatible with said silicone,
then (11) to remove [for example under reduced pressure and/
or heating] the solvent and (i11) to thus obtain a dispersion of
amorphous silica in a continuous silicone phase.

Mention may be made, as examples of commercial silica
organosols, of those from Clarnant, Fuso Chemicals, Nalco,
Degussa-Huls and Dupont Chemicals.

Mention will be made, for Clariant, of the following prod-
ucts: Highlink® OG 1-32, Highlink® 0OG4-53, Highlink®
OG8-32, Highlink® OG 401-31, Highlimnk® OG401-31,
Highlink® OG502-30, Highlink® OG502-31 and Highlink®
OG600-31.

According to a preferred alternative form of the invention,
the anionic entity of the cationic initiator 1s a borate of for-
mula [BX R, ] 1n which:

a and b are itegers ranging, for a, from 0 to 3 and, for b,

from 1 to 4, with a+b=4,

the symbols X represent:

a halogen atom (chlorine, fluorine) with a=0 to 3,

an OH functional group with a=0 to 2,

the symbols R are 1dentical or different and represent:

a phenyl radical substituted by at least one electron-
withdrawing group, such as, for example, OCF;, CF,,
NO, or CN, and/or by at least 2 halogen atoms (very
particularly fluorine), this being the case when the
cationic entity 1s an ontum of an element from Groups
15to 17,

a phenyl radical substituted by at least one electron-
withdrawing element or group, 1n particular a halogen
atom (very particularly fluorine), CF,, OCF,, NO, or
CN, this being the case when the cationic entity 1s an
organometallic complex of an element from, Groups

4 to 10,

20

25

30

35

40

45

50

55

60

65

)

(s

an aryl radical comprising at least two aromatic nucle,
such as, for example, biphenyl or naphthyl, which 1s
optionally substituted by at least one electron-with-
drawing element or group, 1n particular a halogen
atom (very particularly fluorine), OCF,, CF;, NO, or

CN, whatever the cationic entity.
As preferred alternative form of the invention for the types

of the borate anionic entity, those which are very particularly
suitable are as tollows:

B(CgFs5)4]”
(CgFs5)2BF> ]
B(CgH,CF3)4]"
B(CgF,OCF3)4]”
B(CcH3(CF3)0)4]"
B(CeH3F5)4]™
Cel'sBE; ™

~ G R W RN

According to another preferred alternative form of the
invention, the onium salts which can be used are those dis-
closed in particular 1n Patents U.S. Pat. Nos. 4,026,705,
4,032,673, 4,069,056, 4,136,102 and 4,173,476. Among
these, preterence will very particularly be given to the fol-
lowing cations:

CH,-®-1-®-CH,CH(CH,)- 1"
(@-CH3), I1" [C o Hos-@-1-D]"

CoH,—O-O-I-B]*
(CgH7—0-D), 17

(CgH | 7—O-P-1-D)]" (D)3S]"
(D),-S-P-0—CH,]* CH,-®-I-®-CH(CH,),]*
D-5-O-8-(D),]" CoHos- @107

and [CH,-®-1-®-OC,H,]*.

In agreement with these preferred alternative forms, men-
tion may be made, as examples of 1mitiators of the onitum
borate type, of the following products:

[CH5-®-1-®-CH,CH(CH;),]" B(CgFs)4]™

[(CgH7)—0-@-1-®]" [B(CgFs5)4]”  [C1oHys5-D-1-O-CH(CH;3),]"
B(CeFs)al™

(CgH 7—0-®),I]" [B(CgFs)4]™ CH3-®-I-D-CH(CH;),]" [B(CgFs)4]™

(CgH | 7)—O-D-1-®]" [B(CgFs)4]™  [(P)3S]" [B(CeFs)4]

(D),S-P-O-CgH,7]" (CyoHos-@)IT" [B(CgFs)a]™

B(CgH4CF3)4]"

(D@);35]" [B(CF,OCF3),4]7
and [(®-CH;), I]7,
[B(C6F4OCF;3)4] "

[(D-CH LI]" [B(CgFs)4]™
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The photosensitizer present in the dental composition
according to the invention can be highly varied 1n nature. In
the context of the invention, the photosensitizer can be chosen
from the photosensitizers disclosed 1 Application WO
00/1996°7 and 1n particular those of “formulae (IV) to (XXII)”
and more particularly those-corresponding to the formulae
(IV), (VII) and (VIII). Their selection 1s made according to
the same criteria as those indicated 1n this application.

Within the dental composition, the percentage of filler(s)
by weight with respect to the total weight of the dental com-
position at least 10%, preferably at least 15%, and at most
90%.

The filler of the dental composition can be composed
solely of amorphous silica resulting from the concentrated
dispersion of silica 1n the silicone phase. However, additional
fillers may be used. These fillers are chosen according to the
final use of the dental composition: they modily important
properties, such as the appearance, the penetration of UV
radiation and the mechanical and physical properties of the
material obtained after crosslinking and/or polymerizing the
dental composition.

Use may be made, as reinforcing filler, of treated or
untreated pyrogenic silica fillers, amorphous silica fillers [in
addition to those present 1n the dispersion (1)], quartz, glasses
or nonvitreous fillers based-on zirconium, barmum, calcium,
fluorine, aluminum, titanium or zinc oxides, borosilicates,
aluminosilicates, talc, spherosils, ytterbium trifluoride, or
fillers based on polymers 1n the milled powder form, such as
poly(methyl methacrylate)s, which may be mert or function-
alized, polyepoxides or polycarbonates.

Mention will be made, as examples, of:

inert fillers based on poly(methyl methacrylate) Luxaself

from UGL, which can be used 1n the dental field and
which are pigmented pink,

fillers formed from fumed silica which has been treated

with hexamethyldisilazane with a specific surtace o1 200
m>/g,

untreated fumed silica fillers (“Aerosil” AE200, sold by

Degussa).

According to an advantageous alternative form of the
invention, the fillers and in particular the silica fillers are
treated before use at 120° C. with an amount of less than 10%
w/w of silicone comprising at least one unit with the formula
below:

) { RD%_&O(S—&)IE

such that 7' has the same definition as Z

a=0,1,2o0r3

and with at least one silicon atom.

In this case of treatment of silicon filler or fillers, 1n par-
ticular silica, with this type of silicone, the material obtained
after crosslinking exhibits a mechanical strength, a modulus
of elasticity and a compressive strength which 1s markedly
improved.

In addition to the reinforcing fillers, pigments can be used
to color the dental composition according to the use envis-
aged and ethnic groups.

For example, red pigments are used in the presence of
microfibers for dental compositions used for the preparation
of dental prostheses 1n order to stimulate blood vessels.

Pigments based on metal oxides (1ron and/or titantum and/
or aluminum and/or zirconium oxides, and the like) are also
employed for dental compositions used for the preparation of
restoration material, in order to obtain a crosslinked material
with an vory color.
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10

Other additives can be imncorporated in the dental compo-
sitions according to the mvention, for example biocides, sta-
bilizers, flavoring agents, plasticizers and adhesion promot-
ers.

Use will advantageously be made, among the additives
which can be envisaged, of crosslinkable and/or polymeriz-
able coreactants of organic type. These coreactants are liquid
at ambient temperature or heat-fusible at a temperature below
100° C., and each coreactant comprises at least two reactive
functional groups, such as oxetane-alkoxy, oxetane-hy-
droxyl, oxetane-alkoxysilyl, carboxyl-oxetane, oxetane-ox-
ctane, alkenyl ether-hydroxyl, alkenyl ether-alkoxysilyl,
epoxy-alkoxy, epoxy-alkoxysilyl, dioxolane-dioxolane-alco-
hol, and the like.

The dental compositions according to the invention can be
used in numerous dental applications and 1n particular in the
field of dental prostheses, in the field of dental restoration and
in the field of temporary teeth.

The dental composition according to the invention 1s prei-
erably provided 1n the form of a single product comprising the
various components (“monocomponent”), which facilitates
the use thereot, 1 particular 1n the field of dental prostheses.
Optionally, the stability of this product can be ensured by
organic derivatives comprising amine functional groups,
according to the teaching of the document WO 98/07798.

In the field of dental prostheses, the product in the “mono-
component” form can be deposited using a syringe directly on
the plaster model or 1n a core. It 1s then polymerized (poly-
merization by possible successive layers) using a UV lamp
(visible light spectrum 200-500 nm).

In general, 1t 1s possible to prepare 1 10 to 15 minutes a
lasting and attractive dental prosthesis.

It should be noted that the products obtained from the
dental composition according to the invention are nonporous.
Thus, after optional polishing using a felt brush, for example,
the surface of the dental prostheses obtained 1s smooth and
bright and thus does not require the use of varnish.

The applications 1n the field of dental prostheses are essen-
tially those of the joined prosthesis, which can be divided into
two types:

tull prosthesis 1n the case of a completely toothless patient,

partial prosthesis due to the absence of several teeth, which

1s reflected either by a provisional prosthesis or by a
skeleton brace.

In the field of dental restoration, the dental composition
according to the imvention can be used as rapid and easy-to-
use material for filling the anterior and posterior teeth in
different colors (for example, “VITA” colors).

As the dental composition 1s nontoxic and can be polymer-
ized 1 thick layers, 1t 1s not essential to polymerize the
material 1n successive layers. Generally, a single injection of
the dental composition 1s suificient.

The preparations for dental prostheses and for restoration
materials are produced according to the conventional tech-
niques of the art.

In the case of application of the dental composition to a
tooth, either the tooth can be pretreated with a bonding primer
or the dental composition can be prepared as a mixture with a
bonding primer before use thereof. However, it 1s not essen-
tial to use a bonding primer 1n using the dental composition
according to the invention.

The following examples and tests are given by way of
illustration. They make it possible in particular to achieve a
better understanding of the invention and to highlight some of
its advantages and to illustrate a few of 1ts alternative embodi-
ments.
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EXAMPLES AND TESTS

The products used 1n the compositions of the examples are
as follows:
the silicone oligomer comprising an epoxide functionality

of formula (A):
(A)
Me\h‘dle M< /ME
/\/ 51 \O - Sl
O O
the onium borate mitiator (P1):
(P1)
CH,; _> ) /_
I CH,
>—< )
- . -
B \\ / F
/ N\
T F 1,

he silica organosol Highlink®0G502-31 from Clariant,
he tumed silica sold under the name OX50 from Degussa,

he photosensitizer (PS1): 1sopropylthio-xanthone
he commercial stabilizer Tinuvin® 765 from Ciba,

and the filler of amorphous quartz type.

Example 1

Preparation of the Dispersion of Amorphous Silica in
a Silicone Phase

15 g of siloxane A stabilized by 90 ppm of Tinuvin® 765
and 50 g of silica organosol 1n 1sopropanol are charged to a
round-bottomed flask.

After devolatilization of the 1sopropanol with stirring and
under reduced pressure, a dispersion of silica 1n the siloxane
A monomer comprising 47% by weight of silica and with a
particle size of less than 40 nm 1s obtained.

The mean size of the silica particles 1s 15 nm. The solution
1s clear and colorless and has a viscosity of 5000 mPa-s.

Example 2
Preparation of a Control Dental Composition

A control composition 1s obtained by mixing 52.18% by
weight of monomer A, 47% by weight of ground quartz
(Sifraco C60), 0.8% by weight of mitiator P1, 70 ppm of
1sopropylthioxanthone and 90 ppm of Tinuvun 765.

The photoinitiator P1 and the photosensitizer are in the
solid form and are premixed with the monomer A comprising
the product Tinuvin 765 with stirring.

The quartz 1s introduced at the end when the I'TX and the
photoinitiator have completely dissolved. A dark brown paste
1s obtained.
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After exposure under a UV lamp with a wavelength of
greater than 400 nm and with a power of 600 mW/cm?, the
composition crosslinks only over a thickness of less than 1
mm through a sheet of polyester with a thickness of 100
microns.

Example 3

Preparation of a Dental Composition According to
the Invention

A composition according to the invention i1s obtained by
mixing 99.18% of silica dispersion according to Example 1,
0.8% of imtiator P1, 70 ppm of PS1 and 90 ppm of Tinuvin
765.

A clear and colorless solution 1s obtained by pouring the
photosensitizer/photoinitiator mixture into the dispersion
obtained in Example 1 with stirring 1 minute.

After exposure under a UV lamp with a wavelength of
greater than 400 nm and with a power 600 mW/cm®, the
composition 1s crosslinked over a thickness of at least 3 mm
through a sheet of polyester with a thickness of 100 microns
in 40 seconds. The hardness 1s 40 HV (Vickers hardness)

under a load of 500 grams.

Example 4

Preparation of a Dental Composition According to
the Invention

A composition according to the mvention 1s obtained by
mixing 50% of dispersion of example 1, 44.2% of ground
quartz S10,, (particle diameter such that the mean distribution
1s 3.5x1 microns), 5% o1 YbF;, 0.8% of initiator P1, 100 ppm
of sensitizer PS1 and 90 ppm of Tinuvin 763, the last three
being present 1n solution 1in the monomer A (30% of P1 in the
monomer A).

A translucent composition 1s obtained by mixing with stir-
ring for 15 minutes.

This composition crosslinks over a thickness of at least 3
mm under a UV lamp (wavelength of greater than 400 nm and
power 600 mW/cm?) through a sheet of polyester with a
thickness of 100 microns over 40 seconds. The hardness 1s 60
HV (Vickers hardness) under a load of 500 grams.

Example 5

Preparation of a Dental Composition According to
the Invention

A composition according to the mvention 1s obtained by
mixing 50% of dispersion of example 1, 24.2% of ground
quartz 510, (particle diameter such that the mean distribution
1s 3.5x1 micron), 20% of fumed silica, 5% of YbF, 0.8% of
initiator P1, 100 ppm of sensitizer PS1 and 90 ppm of Tinuvin
765, the last three being present in solution 1n the monomer A
(30% of P1 in the monomer A).

A virtually transparent composition 1s obtained by mixing
with stirring for 15 minutes.

This composition crosslinks over a thickness of at least 3
mm under a UV lamp (wavelength of greater than 400 nm and
power of 600 mW/cm®) through a sheet of polyester with a

thickness of 100 microns over 40 seconds. The hardness 1s 70
HV (Vickers hardness) under a load of 500 grams.

The dental materials obtained 1n examples 3 (= resistance
+), 4 (=resistance ++) and 5 (=resistance +++) exhibit a high
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resistance to saliva abrasion [submission of the surface to
repeated contact with a metal punch 1n a salivary medium)].

What 1s claimed 1s:
1. A dental composition comprising:

(A) a concentrated silica solution comprising 15 to 80% of >

colloidal particles of amorphous silica 1n at least one
continuous silicone phase, wherein the at least one con-
tinuous silicone phase comprises a crosslinkable and/or
polymerizable silicone oligomer and/or polymer which
1s liquid at ambient temperature or heat-fusible at a
temperature below 100° C., the silicone oligomer and/or
polymer comprising;

(1) at least one unit of formula (FS):

- 0
Z—Si1R }aO(S—a);’E

in which:

a=0, 1 or 2,

R®, which are identical or different, represent an alky],
cycloalkyl, aryl, vinyl, hydrogen, hydroxyl or
alkoxy radical,

7., which are 1dentical or different, 1s an organic sub-
stituent comprising at least one epoxy and/or alk-
enyl ether and/or oxetane and/or dioxolane and/or
carbonate reactive functional group,

(1) and at least two silicon atoms,

(B) at least one aromatic hydrocarbonaceous photosensi-
tizer comprising one or more substituted or unsubsti-
tuted aromatic rings having a residual absorption of the
light between 200 and 500 nm,

(C) at least one cationic mitiator selected from those for
which the cationic entity 1s selected from the onium salts

of formula (I):

[(RY),-A-(R?),,]* (I

in which formula:

A represents an element from Groups 15 to 17,

R' represents a C.-C,, carbocyclic or heterocyclic
aryl radical, where the heteroelements 1n said het-
erocyclic aryl radical are nitrogen or sulfur,

R” represents R' or a linear or branched C,-C,, alkyl
or alkenyl radical; said R' and R” radicals option-
ally being substituted by a C,-C, . alkoxy, C,-C,
alkyl, nitro, chloro, bromo, cyano, carboxyl, ester
or mercapto group,

n 1s an integer ranging from 1 to v+1, v being the
valency of the element A,

m 1s an iteger ranging from O to v—1 with n+m=v+1.

2. The dental composition as claimed 1n claim 1, compris-

ng:

(A) a concentrated silica solution of comprising 135 to 80%
of colloidal particles Of amorphous silica with a mean
diameter between 107° m and 10~ m in at least one
continuous silicone phase of comprising crosslinkable
and/or polymerizable silicone oligomer and/or polymer
which 1s liquid at ambient temperature or heat-fusible at
a temperature below 100° C., the silicone oligomer and/
or polymer comprising;:

(1) at least one unit of formula (FS):

- 0
/—Si1R }aO(S—a);’E

1n which:

a=0, 1 or 2,

R, which are identical or different, represent an alkyl,
cycloalkyl, aryl, vinyl, hydrogen, hydroxyl or
alkoxy radical,

7., which are 1dentical or different, 1s an organic sub-
stituent comprising at least one epoxy and/or alk-
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enyl ether and/or oxetane and/or dioxolane and/or
carbonate reactive functional group,
(1) and at least two silicon atoms,

(B) at least one aromatic hydrocarbonaceous photosensi-
tizer comprising one or more substituted or unsubsti-
tuted aromatic rings having a residual absorption of the
light between 200 and 500 nm,

(C) and an effective amount of at least one cationic mitiator
selected from those for which the cationic entity 1s
selected from the onium salts of formula (I):

[(RY),-A-(R?),,]* (D)

in which formula:

A represents an element from Groups 15 to 17

R' represents a C.-C,, carbocyclic or heterocyclic aryl
radical, where the heteroelements 1n said heterocyclic
aryl radical are nitrogen or suliur,

R” represents R' or a linear or branched C,-C,, alkyl
or alkenyl radical; said R' and R” radicals option-
ally being substituted by a C,-C, . alkoxy, C,-C,
alkyl, nitro, chloro, bromo, cyano, carboxyl, ester
or mercapto group,

n 1s an integer ranging from 1 to v+1, v being the
valency of the element A,

m 1s an integer ranging from O to v—1 with n+m=v+1.

3. The dental composition as claimed 1n claim 1 wherein
the anionic entity of the initiator 1s a borate of formula [BX
R,]™ 1n which:

a and b are integers ranging, for a, from 0 to 3 and, for b,

from 1 to 4, with a+b=4,

— the symbols X represent:

a halogen atom (chlorine, fluorine) with a =0 to 3,

an OH functional group with a=0 to 2,

the symbols R are identical or different and represent:

a phenyl radical substituted by at least one electron-
withdrawing group, OCF;, CF;, NO, or CN, and/or
by at least 2 halogen atoms, this being the case when
the cationic entity 1s an onium of an element from
Groups 15 to 17,

a phenyl radical substituted by at least one electron-
withdrawing element or group, CF,, OCF,, NO, or
CN, this being the case when the cationic entity 1s an
organometallic complex of an element from Groups 4
to 10,

an aryl radical comprising at least two aromatic nucle,
which 1s optionally substituted by at least one elec-
tron-withdrawing element or group, OCF,, CF,, NO,
or CN, whatever the cationic entity.

4. The composition as claimed 1n claim 1, wherein Z 1s an
organic substituent Z1 comprising at least one epoxy and/or
dioxolane reactive functional group and optionally at least
one epoxy reactive functional group.

5. The composition as claimed in claim 1, wherein the
oligomer or polymer (1) additionally comprises other reactive
functional groups Z such as the alkenyl ether, oxetane and/or
carbonate reactive functional groups 72.

6. The composition as claimed 1n claim 1, wherein the
reactive functional group or groups of Z1 are selected from
the following radicals:

AL
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-continued

—CHE—CHQ CH;

\/\O/\O/; /\O

7. The composition as claimed 1n claim 1, wherein the
photoinitiator 1s selected from the group consisting of:

[CH;3-®-I-D-CH,CH(CH,;),|* B(CgFs)al™

[(CsH7)—O-D-1- O] [B(CgFs)y]”  [C1oHos-D-I-O-CH(CH;3),]"
B(CgFs)a]™

(CgH7—0-®),I]" [B(CsFs)a]™ CH;3-@-1-D-CH(CH;3)»]" [B(CgF5)a]™

(CgH 7)—O-D-I- D" [B(CeFs)4]™  [(P)3S]" [B(Cgls)u]™

(D),S-P-O—CgH,y7]" (CoHo5-@)oI]" [B(CeFs)al™

;B(CGHLLC F3)a]™

(D)38]" [B(CgF,OCEF3)4]™
and [(D-CH;), I]7,
[B{CsF4OCE3)4]

[(D-CH;3)-1]" [B(CgFs)4]™

8. A dental prostheses comprising the dental composition
of claim 1, wherein the composition 1s polymerized and/or

crosslinked.

9. A dental restoration comprising the dental composition
of claim 1, wherein the composition 1s polymerized and/or

crosslinked.

10. A dental prosthesis, comprising the dental composition
of claim 2.

11. A dental restoration material, comprising the compo-
sition of claim 2.

12. The dental composition as claimed 1n claim 2 wherein
the anionic entity of the initiator 1s a borate of formula [BX
R, |™ 1n which:

a and b are itegers ranging, for a, from 0 to 3 and, for b,

from 1 to 4, with a+b=4,

the symbols X represent:

a chlorine atom or a fluorine atom with a=0 to 3, or

an OH functional group with a=0 to 2,

the symbols R are 1dentical or different and represent:

a phenyl radical substituted by at least one electron-
withdrawing group, OCF;, CF;, NO, or CN, and/or
by atleast 2 halogen atoms, when the cationic entity 1s
an onium of an element from Groups 15 to 17,

a phenyl radical substituted by at least one electron-
withdrawing element or group, CF,, OCF;, NO, or
CN, when the cationic entity 1s an organometallic
complex of an element from Groups 4 to 10,

an aryl radical comprising at least two aromatic nuclei,
which 1s optionally substituted by at least one elec-
tron-withdrawing element or group, OCF,, CF;, NO,
or CN, whatever the cationic entity.

13. The composition as claimed 1n claim 2, wherein Z 1s an
organic substituent Z1 comprising at least one epoxy and/or
dioxolane reactive functional group and optionally at least
one epoxy reactive functional group.

14. The composition as claimed in claim 2, wherein the
oligomer or polymer (1) additionally comprises other reactive
tfunctional groups Z such as the alkenyl ether, oxetane and/or
carbonate reactive functional groups Z2.

15. The composition as claimed in claim 2, wherein the
reactive functional group or groups of Z1 are selected from
the following radicals:

~L /\Q
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—cm—mﬁcm

0
/\[\ |

\/\o/\\o/; /\O O/‘\-

16. The composition as claimed in claim 2, wherein the
photoinitiator 1s selected from the group consisting of:

[CH;3-®-1-D-CH,CH(CH;),]* B(CgFs)4]™

[(CgH7)—0-@-1-®]" [B(CgFs5)4]”  [C1oHos-D-1-O-CH(CH;3),]"
B(CeFs)al™

(CgH7—0-®),I]" [B(CgFs)a] CH3-®-I-D-CH(CH;3),]" [B(CgFs)4]™

(CgH7)—O-D-1-D]" [B(CgFs)4]™  [(P)3S]" [B(CFs)4]

(D),S-P-O—CgH 7]" (C1oHos- @I [B(CgFs)a]™

;B(CGHﬁlCF 3)al”

(D)38]" [B(CgF4,OCF3)4]™
and [(®-CH;), I77,
[B(CsF4OCFE3)4]™

[(D-CH; )oI]" [B(CgFs)4]™

17. The composition of claim 1, wherein said composition,
after crosslinking/polymerization, has a Vicker’s hardness of
at least 30 for aload o1 500 grams and has increased resistance

to saliva abrasion.

18. The composition of claim 1, wherein said composition,
alter crosslinking/polymerization, has a Vicker’s hardness of
at least 40 for aload o1 500 grams and has increased resistance
to saliva abrasion.

19. The composition of claim 2, wherein said composition,
after crosslinking/polymerization, has a Vicker’s hardness of
at least 30 for aload o1 500 grams and has increased resistance
to saliva abrasion.

20. The composition of claim 2, wherein said composition,
after crosslinking/polymerization, has a Vicker’s hardness of
at least 40 for aload of 500 grams and has increased resistance
to saliva abrasion.

21. A dental composition comprising:

(A) a concentrated silica solution comprising 15 to 80% of
colloidal particles of amorphous silica 1n at least one
continuous silicone phase, wherein the at least one con-
tinuous silicone phase comprises a crosslinkable and/or
polymerizable silicone oligomer and/or polymer which
1s liquid at ambient temperature or heat-fusible at a
temperature below 100° C., the silicone oligomer and/or
polymer comprising;

(1) at least one unit of formula (FS):
Z—Si-R%)-, 0034y

in which:

a=0,1 to 2,

R®, which are identical or different, represent an alky],
cycloalkyl, aryl, vinyl, hydrogen, hydroxyl or
alkoxy radical,

7., which are 1dentical or different, 1s an organic sub-
stituent comprising at least one epoxy and/or alk-
enyl ether and/or oxetane and/or dioxolane and/or

carbonate reactive functional group,
(11) and at least two silicon atoms,
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(B) at least one aromatic hydrocarbonaceous photosensi-
tizer comprising one or more substituted or unsubsti-
tuted aromatic rings having a residual absorption of the
light between 200 and 500 nm,

(C) at least one cationic mitiator selected from those for

which the cationic entity 1s selected from the onium salts
of formula (I):

[(RY,-A-(R )] (D

in which formula:

A represents an element from Groups 15 to 17,

R' represents a C.-C,, carbocyclic or heterocyclic
aryl radical, where the heteroelements 1n said het-
erocyclic aryl radical are nitrogen or sulfur,

R” represents R* or a linear or branched C,-C,, alkyl
or alkenyl radical; said R' and R radicals option-
ally being substituted by a C,-C,. alkoxy, C,-C,
alkyl, nitro, chloro, bromo, cyano, carboxyl, ester
or mercapto group,

10

15
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n 1s an integer ranging from 1 to v+1, v being the
valency of the element A,

m 1s an integer ranging from O to v—1 with n+m=v+1,
where the concentrated silica solution 1s prepared by:

(1) mixing a silica organosol with said silicone oligomer
and/or polymer, where the organosol 1s selected such
that i1ts solvent 1s compatible with said silcone,

(1) removing the solvent and

(111) obtaining a concentrated silica solution as a dispersion
of amorphous silica 1n a continuous silicone phase.

22. The composition of claim 1, wherein upon crosslink-
ing, said composition is crosslinked to a greater distance than
a similar composition 1n which the silica 1s present but was
not included 1n the composition 1n a concentrated silica solu-
tion comprising 15 to 80% of colloidal particles of amor-
phous silica 1n at least one continuous silicone phase.

G o e = x
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